I. INTRODUCTION
ULTILOOK imagery is one of various techniques of speckle reduction [l] -[3] that can be achieved, at the expense of system resolution, by incoherently adding two or more statistically uncorrelated speckle patterns.
In synthetic aperturg radar (SAR) systems, a full synthetic aperture is divided into two or more subapertures or "looks" in either time or frequency domain, through which the corresponding subimages are formed and summed on an intensity basis to produce a single final image.
The images of stationary targets formed by such systems have been well described in many theoretical and experimental studies [2] - [6] . Processing of SAR data from targets in motion is also well-known [7] - [9] but moving targets in particular reference to multilook processing have not been discussed in detail.
The purpose of t h i s paper is t o examine the effects of motions on the images of moving targets produced by SAR using multilook processing. Brief accounts are given to the principle of the system and expressions are derived for the impulse response function from a moving point target as a function of @e look number and the nature of ~e motion. It is shown that sbce subapertures are synthesized at different center times, the information content and hence the impulse response function from the moving point target differ from look to look. Detailed discussions are given only on the effects inherent to multilook processing.
p. MULTILOOK IMAGERY
In this section, we describe briefly how the $AR multilook processing is carried out to produce the impulse response function from a stationary point target. The principle is well-known and can be found & I one of many papers 121 -[SI.
Consider a point target at a position (x, y ) on the surface, where x and y are the spatial variables in ground azimuth and range direction, respectively. If a transmitted pulse is linearly frequency modulated (FM), the return signal has a standard-form, where r is the slant range distance between the radar and the target, approximately given by ? = ( R + y~i n t J )~+ ( V t -x )~.
(2)
In the formulas, E, is a complex variable which includes the scattering amplitude of the target, the pulse envelope and the far-field beam pattern, w is the pulse center frequency, a is the linear FM rate, V and c are the velocities of the radar platform and radio wave? respectively, 0 is the radar look angle, R is the reference slant range distance between the radar and the origin of the ground coordinate system as in Fig. 1 and t and 7 are the azimuth and slant range time variables, respectively. In practice, t is discrete but can be treated as continuous provided that an appropriate pulse repetition frequency is taken to satisfy the sampling theorem. It is convenient at this point to replace the temporal variables by the equivalent spatial variables, r;= vt v = ~r l 2 -R.
(3)
The impulse response function is produced by correlating the return signal of (1) with a reference signal E,, {.e., m p(x, y> = // -W + t, 1' sin e + 7 ) ; x: y)E,(r;, v) dt dv.
The reference signal is a matched fdter given by where k is the radar wavenumber given by k = o/c, X and Yare the spatial variables in the image coordinate system: corresponding, respectivelyy, to azimuth and ground range diyection, the sine term in (4) is'a result of a simple geometrical transformation from the slant range to ground range scale: W," is the envelope of the nth subreference signal or subaperture in azimuth direction and W,, is the epvelope of the slant range reference signal. In general, the extents of the envelopes are smaller than those of the return signal, so that the integrals of (4) and hence the system resolution are determined only by LV; and W,,. Then the look n impulse response function is given by
where Eq is the quadratic phase term, The envelopes of the reference signal depend on the types of SAR processors. For examples, Gaussian or raised-cosine weightings are sometimes used t o suppress the subsidiary maxima of the impulse response function [4] , In this paper, we assume rectangular envelopes of the form 
MOVING POINT TARGET

A. Azinzuth and Range Velocity
Consider a point target moving at angle p from the azimuth axis with a constant velocity u as in Fig. 1 . The target is assumed to pass the center of the ground coordinate system when the radar is directly abeam of the target, i.e., the target is at a position (0, 0) on the ground when t = 0. (2) is now replaced by
where N is the total number of looks, T~ is the radar pulse dura-where u, and u, are the slant range and azimuth component of tion, L is the full synthetic aperture length given by L = VT, Tis the velocity, respectively. These are @en by the full integration time and
Ln is the center of the look n sub- 
and It can then be shown that the look n impulse response function is given by
Examples are shown in Fig. 2 for N = 2 and 4.
From (6)-( 1 l), the look n impulse response function is
-sin e(r -)
where E; includes Eo, E, and other unimportant terms. It can be
seen that the system resolution in azimuth direction is degraded where u,, is the ground range component of u,. Note that for by a factor AT compared to the full resolution (N = 1) case. Since single-look processing, N = n = 1 and T, = 0 and (1 5) reduces to (12) is independent of n: the impulse response functions are cen-a well-known expression [7] - [9] . In order to deduce (15) the eftered at the same position in all looks. fects of image smearing and distortion have been ignored. It should be noted that in frequency domain processing, the sumptions have also been made that function is centered at
The position of the range impulse response function corresponds to that of the target at time t = T, on the surface. The effect is illustrated in Fig. 3 . At time t = T , the radar is situated at the center of the look 1 subaperture and the target position is y = y l . Hence, the look 1 impulse response function is formed at the image position Y = y l . As the radar travels to the center of the look 2 subaperture at time f = T2 the target also moves t o a position y = y 2 and the look 2 impulse response function is centered at Y = y 2 on the image plane. From this viewpoint, the SAR multilook imagery may be regarded as a time-lapse imaging system. Fig. 4(a) shows a typical example, where the look 1 and 4 intensity impulse response function are plotted for a point target with uy = 10 m/s and the parameters of a spaceborne SAR listed in Table I . The separation of the impulse response functions corresponds to the distance over which the target moves during the time (-1.9 s) taken by the radar to travel from the center of the look 1 to look 4 subaperture. Because of the difference in image position, the incoherent addition of subimages of moving targets does not improve the image quality in comparison with stationary targets as in Figs. 4(a) and 4(b) .
The imaging process in azimuth direction is different from the range imagery in such a way that SAR locates the azimuth position of a target via the Doppler returns over the integration time.
If the target has a slant range velocity, it introduces a linear phase shift and the optimum correlation between the return and reference signal occurs when X = -u,R/V. This is a well-known effect of azimuth image shift [ 8 ] . If the target moves in azimuth direction with a constant velocity, the relative velocity of the radar platform changes as in (13). It produces a quadratic phase term which is symmetric about the center of the azimuth time t = 0. When this signal is correlated with a subreference signal of a zero center time T, = 0, the impulse response function is defocused and centered at X = 0. However, when a subreference signal of a nonzero center time is applied, the quadratic phase term becomes asymmetric about T,. As a result, an additional linear phase term is introduced and the impulse response function is shifted by a distance 2u,T, in azimuth direction. For u, = 10 m/s the shift is 38 m between the look 1 and look 4. The effect of defocusing is small for this velocity in the present case of fourlook processing but cannot be ignored in single-look processing [91. . -
B. Range Acceleration
The point target is considered to have a slant range acceleration component a,, An assumption is also made that the target passes the center of the ground coordinate system at time t = 0 and it starts accelerating at time t = -T/2. This means that the initial position of the target i s y = -a,(T/2)'/2 when the acceleration starts and its position is y = 3a,(T/2)2/2 at the end of the full integration t h e t = T/2. For such a target, the following relation holds:
The term linearly dependent on t represents the slant range velocity that has already been accounted for in the previous section. Hence, only the effects of the term 1/2a,t2 are considered. If image smearing and distortion are ignored, the look n response function is This image displacement is characteristic of time-lapse imagery.
For general values of ay, T,, and the SAR parameters of Table I the effect is small and may be ignored.
The quadratic phase term in the integral leads to defocusing of the azimuth impulse response function. The linear phase term implies that the center of the look n impulse response function is arR X=--T v n.
(22)
Thus, the slant range acceleration produces a displacement of the azimuth impulse response function. This again is due to the fact that SAR finds the azimuth position of a target via the doppler returns. When a subaperture of T, = 0 is applied, the quadratic phase term induced by the motion is no longer symmetric about T,, so that an additional linear phase change is produced. For the SAR parameters of Table I and a, = 1 m/s2, the separation of the look 1 and 4 impulse response function is 249 m, which is a s i m i c a n t amount. The integral of (19) is numerically evaluated as shown in Fig. 5 , where the effects of both defocusing and image shift can be observed.
Finally, the azimuth component of the target acceleration is considered. The target is assumed to pass the ground coordinate center at time t = 0. We then have the following relation:
(,+? T,) E) (19) Table I .
IV. SUMMARY
In the multilook processing of S A R data, subapertures are synthesized at different center times, so that a time lapse exists between looks. This does not affect the images of stationary targets. However, if targets are in motion, each subaperture contains information about the targets at different times and hence the images differ from look to look. Such images cannot be enhanced by the incoherent addition so much as those of stationary targets. This paper has described the effects of motions inherent to the SAR multilook processing. The impulse response function of a moving point target has been derived and discussed in terms of the look number and the nature of the motion. It has been shown that if the target moves with a constant velocity the impulse response function is formed at different positions; the effect is characteristic of time-lapse imagery. The slant range component of acceleration causes defocusing and image shift in azimuth direction that may be significant for general values of SAR parameters and acceleration. The azimuth component of acceleration causes defocusing and image shift but the effects are small and may be ignored.
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